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ABSTRACT 


The  usefulness  of  various  appendages  in  reducing 
towcable  strum  was  experimentally  investigated  for  a tow- 
cable  inclined  at  fifteen  degrees  to  the  oncoming  flow. 

This  angle  was  chosen  as  being  representative  of  angles 
occurring  in  sonar  array  towing  where  strumming  is  believed 
to  be  a significant  contributor  to  low  frequency  self- 
noise in  the  array.  The  measure  of  the  efficacy  of  the 
strum  reduction  is  based  on  the  relative  levels  of  the 
transverse  acceleration  at  the  center  of  a taut  cable 
with  and  without  the  strum  reducing  appendages.  The 
cable  was  0.53  inches  (135  nm)  in  diameter  and  was 
18.5  feet  (5.6  m)  long.  Under  the  experimental  conditions, 
certain  types  of  appendages  were  found  to  be  almost  use- 
less. The  more  useful  ones  were  helical  wire  wrap,  ribbon 
fairing  and  a commercial  strip  fairing.  All  of  these 
appendages  cause  a higher  value  of  tangential  drag  than 
does  bare  cable,  and  a comparison  of  these  drag  values 
is  made.  As  a result  of  the  experiment  a new  method  of 
strum  reduction,  called  stub  fairing,  was  found  to  have 
good  strum  reduction  efficiency  but  with  must  less  drag 
penalty  than  the  ribbon  and  the  commercial  fairing. 

ADMIHISTRATIVE  INFORMATION 

This  research  was  conducted  by  the  Towed  Systems  Branch  of  the  David 
W.  Taylor  Naval  Ship  Researcn  and  Development  Center  under  Work  Units 
1548-304  and  1548-212.  The  research  was  funded  by  the  Naval  Electronic 
Systems  Command,  PHE-124,  under  Project  Order  4-4646  of  29  December  1973 
and  by  the  Office  of  Naval  Research,  Code  222,  under  Project  Order  4-0117 
of  6 August  1973,  under  Program  Elements  63794N  and  62751N  respectively. 

INTRODUCTION 

Under  the  joint  sponsorship  of  the  Office  of  Naval  Research  and  the 
Naval  Electronics  System, s Command,  the  David  W.  Taylor  Naval  Ship  Research 
and  Development  Center  was  tasked  to  establish  the  relative  effectiveness 
of  various  devices  to  reduce  the  strumming  of  towcables  used  with  flexible 
sonar  arrays.  The  more  effective  of  these  devices  will  be  evaluated  dur- 
ing sea  trials  using  a towed  acoustic  array. 

Vortices  shed  coherently  from  a towcable  generate  transverse  oscilla- 
tions of  the  towcable  at  the  vortex  shedding  frequency  and  longitudinal 
oscillations  at  twice  the  vortex  shedding  frequency.  These  waves  travel 
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along  the  towcable.  If  the  towed  device  is  an  acoustic  array  the  trans- 
mitted energy  evidently  contributes  to  the  “self-noise"  of  the  array  hydro- 
phones and  may  result  in  degradation  of  overall  sonar  performance.  It  is 
therefore  important  that  the  transmitted  energy  be  rejected  (as  by  appro- 
priate cable  terminations)  or  that  the  transverse  excitation  be  reduced  to 
tolerable  levels.  An  evaluation  of  several  techniques  for  accomplishing 
the  latter  comprises  the  subject  matter  of  this  report. 

Various  techniques  have  been  used  to  reduce  strum  (and  draq)  of  cables 
exposed  to  moving  water.  A short  summary  is  qiven  by  Fabula  and  Bedore', 
who  have  investigated  a particular  technique  that  consists  of  wrapping  a 
cable  with  a second  one  of  smaller  diameter,  in  the  form  of  a spiral  or 
helix.  A survey  of  the  literature  concerned  with  vortex  formation  on 
circular  cylinders,  with  emphosis  on  technioues  for  prevention,  was  accom- 
plished by  Diggs^,  as  a prerequisite  to  the  work  reported  herein.  It  was 
determined  that  four  basic  mechanisms  may  be  used  to  control  either  the 
sue  or  influence  of  the  vortices.  Briefly,  these  consist  of  controlling 
the  width  of  the  wake  (as  with  a streamlined  fairing),  disruption  of  the 
periodicity  of  vortex  discharge  (as  with  splitter  plates  in  the  wake), 
prevention  of  spanwise  coherence  of  the  shed  vortex,  or  simple  interfer- 
ence with  the  vortex  formation  itself.  To  these  may  be  added  a fifth, 
namely:'  modification  of  the  >esoonse  characteristics  of  the  cable.  Obvi- 
ously, the  addition  of  appendages  to  a cable  will  modify  both  the  flow  and 
the  cable  response  to  some  deqree,  so  it  is  not  possible  to  attribute 
precisely  a given  result  to  a single  mechanism.  However,  the  devices  to 
be  tested  were  selected  on  the  basis  of  perceived  interference  with  the 
spatial-temporal  harmony  between  shed  vortices  and/or  modification  of 
the  response  characteristics  of  the  cable. 


'Fabula,  A.  G.,  and  R.  L.  Bedore,  "Cable  Strum  Suppression  Experiments 
with  Helical  Ridges,"  U.S.  Navy  Journal  of  Underwater  Acoustics,  Vol.  24, 
No.  4 (Oct  1974). 

^Diggs,  Jesse  S.,  "A  Survey  of  Vortex  Shedding  from  Circular  Cylinders 
with  Application  Toward  Towed  Arrays,"  f’ar  Inc.,  Tech.  Report  No.  122 
(Jul  1974). 
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Appendages  also  modify  the  flow  about  the  cable  and  thus  change  the 
hydrodynamic  resistance.  The  components  of  hydrodynamic  force  normal  and 
parallel  to  the  cable  are  both  affected.  Thus  the  ef^'iciency  of  an  append- 
age must  be  judged  with  respect  to  its  total  effect  on  the  cable. 

To  accomplish  this,  a typical  towed  array  towcable  with  and  without 
strum  reduction  devices  (SRD's)  was  installed  between  two  vertical  struts  at 
an  angle  to  the  flow  representative  of  angles  occurring  in  sonar  array 
towing  where  strumming  is  considered  to  be  a significant  contributor  to 
low-frequency  self-noise  in  the  array.  The  amplitude  of  the  transverse 
oscillat’on  of  the  mid-point  of  the  towcable  was  measured  for  each  SRD. 

Also,  each  SRD  was  towed  on  a freely  streamed  cable  and  the  drag  was  mea- 
sured. 

This  report  presents  the  details  of  the  experimental  approach  to  ob- 
tain the  strummino  and  drag  characteristics  of  the  SRD's  and  tne  bare  cable, 
compares  the  effectiveness  of  each  SRD  in  reducing  the  strum  and  the  impact 
on  drag,  and  provides  conclusions  and  recommendations  for  at-sea  evaluation 
of  the  concept. 


APPROACH 

The  major  problem  In  measuring  vibration  phenomena  ’S  to  assure  that 
the  observed  oscillations  are  excited  only  by  the  particular  disturbance 
being  investigated.  The  approach  described  below  was  designed  to  assure 
excitation  of  a resonant  transverse  oscillation  of  the  bare  cable  by  the 
shed  vortices.  This  was  done  by  matching  the  fundamental  frequency  of  the 
test  sample  with  the  vortex  shedding  frequency.  The  amplitude  of  the 
resonance  was  expected  (and  found)  to  be  much  larger  than  that  of  vibra- 
tions excited  by  extraneous  inputs,  as  from  the  supporting  structure. 

STRUM  EXPERIMENT 

A heavy  string  suspended  between  two  points  will  oscillate  at  the 
frequencies  defined  by  the  equation 
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L is  the  length  of  the  cable, 
is  the  static  tension, 

u is  the  total  mass  per  unit  length  of  cable 
f|,  is  the  frequency,  and 
K is  the  harmonic  number. 

If  a periodic  excitation  is  applied  to  the  cable  or  to  its  supports,  the 
cable  will  oscillate  after  the  decay  of  transients  at  the  frequency  of  the 
applied  force  with  an  amplitude  that  is  a maximum  when  the  fundamental 
and  applied  frequencies  coincide.  Successive  maxima  will  appear  as  the 
disturbance  frequency  successively  coincides  with  the  various  harmonics. 

It  's  well  established  that  the  vortex  shedding  frequency  of  a cylin- 
der is  centered  in  a narrow  band  about  the  frequency  given  by  the  equation 

f = (2) 


S„  is  the  Strouhal  Humber 
n 

V is  the  stream  velocity 
; is  the  angle  of  inclination  to  the  flow,  and 
0 is  the  cable  diameter. 

Equating  these  two  frequencies  and  solving  for  the  velocity  Vj,  (i.e.,  the 
velocity  at  which  the  K-th  harmonic  is  excited)  yields 

Thus,  ’t  is  reasoned  that  a taut  cable  pinned  at  both  ends  and  towed 
at  the  speeds  Vj,  given  by  equation  (3)  will  exhibit  maximum  displacements 
(or  what  is  equivalent,  maximum  transverse  accelerations)  at  its  mid  length 
for  the  odd  harmonics.  Hence  a measure  of  the  effectiveness  of  a strum 
reduction  device  (SRO)  may  be  obtained  by  comparing  the  amplitude  of  the 
transverse  acceleration  of  a bare,  round  cable  at  resonance  with  the 
amplitude  at  resonance  when  modified  by  the  addition  of  a SRO. 
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It  should  be  noted  that  the  comparison  is  valid  only  when  the  SRD 
modified  cable  is  towed  under  the  identical  conditions  for  which  resonance 
was  excited  in  the  bare  cable.  This  poses  a danger  in  that  if  the  SRD 
merely  shifts  the  shedding  frequency  as  expressed  by  the  Strouhal  Number 
to  some  new  value,  the  speed  ¥ at  which  resonance  would  occur  is  thereby 
shifted  to 

V = V,/n 

To  provide  reasonable  assurance  that  this  situation  would  be  detected, 
the  experiment  was  conducted  (in  the  manner  of  reference  1)  by  accelerat- 
ing slowly  up  to  a speed  of  about  twice  the  speed  for  resonance  of  the 
bare  cable  and  thence  decelerating  slowly  to  zero  speed. 

TANGENTIAL  DRAG 

The  tension  T in  a Iona  cable  towed  at  the  critical  angle-  is 
given  by 

T = (w  sin  ;^  + F)  L (4) 

where 

F is  the  tangential  component  of  the  hydro- 
dynamic  drag  per  unit  length,  and 

w is  the  immersed  weight  of  the  cable  per 
unit  length. 

If  the  length  and  weight  of  the  basic  cable  are  not  changed,  a measurement 
of  T at  specific  speeds  of  tow  is  sufficient  to  rank  the  cables  in  terms 
of  relative  drag.  A selection  of  the  strum-reduction  models,  which  were 
of  fixed  length  and  weight,  was  therefore  towed  freely  trailing,  and  the 
tension  was  measured  at  various  speeds. 

SELECTION  AND  DESCRIPTIONS  OF  STRUM  REDUCTION  DEVICES 

A strum  reduction  device  (SRD)  typically  consists  of  an  appendage 
attached  along  the  length  of  a cable,  either  continuously  or  with  a repet- 
itive pattern. 

^Pode,  L.,  "Tables  for  Computing  the  Equilibrium  Configuration  of  a 
Flexible  Cable  in  a Uniform  Stream,"  David  Taylor  Model  Basin  Report  687 
(Mar  1951). 
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Ribbons  and  helical  wrap  (Fabula's  “helical  ridqes")  were  identified 
in  reference  2 as  the  me  t applicable  SRO’s  for  towed  array  towcables. 
Streamlined  fairings  were  excluded  due  to  the  handling  problems  and  the 


excessive  tangential  drag  experienced  at  the  shallow  towing  angles  typical 

I of  towed  array  towcables.  In  the  course  of  the  evaluation  a variation  of 

the  ribbon  called  "stubs"  was  evaluated.  The  remainina  devices  represent- 
ed attempts  to  modify  the  disturbance  and  response  characteristics  of  the 

[cable. 

The  SROs  selected  for  evaluation  are  described  in  Appendix  A where  the 
models  evaluated  are  listed  in  Tables  A-I  through  A-7.  A commercial  fair- 
B ing  selected  for  evaluation  also  is  desc. ibed  in  Appendix  A.  The  six  basic 

B devices  selected  for  evaluation  are  listed  below  with  a brief  explanation 

g of  the  reason  for  selection. 

1.  Ribbons  - known  to  be  effective  for  tovKables  at  steep  angles  to 
the  flow.  They  have  not  been  evaluated  at  the  small  angles  char- 
acteristic of  array  towcables. 

2.  Stubs  - a variation  of  ribbon,  selected  for  the  handling  advantages 
afforded  and  possible  lower  drag. 

3.  Helical  wrap  - evaluated  previously,  selected  as  a control  and  to 
extend  the  range  data  available  by  applying  then  to  flexible 
towcable. 

4.  Sleeves  - 

a.  Heavy  sleeves  - attempt  to  change  response  characteristic 
of  the  table  and  the  vortex  shedding  frequency  over  discrete 
lengths  of  the  cable. 

D.  Lignt  SJeeves  - allempl  lu  uhaiige  vOf  tew  sheuding  fi'eguSriCjf 
over  discrete  lengths  of  the  cable  by  increasing  the  local 
cable  diameter. 

5.  Rings  - attempt  to  disrupt  length-wise  coherence  of  shed  vortices. 

6.  A comrercial  fairing  - reported  to  give  good  results  on  seismic- 
streamer  towlines. 

The  description  o*'  a"  S^D  vax'ies  with  the  type  of  device.  A compact 
notation  descriptive  of  the  helical  wraps,  ribbons,  strubs,  etc.  is  devel- 
oped in  Appendix  A.  For  brevity,  the  more  important  of  the  SRD's  are 


hereafter  identified  by  the  following  symbols;- 

HW  - Helical  Wrap 

R - Ribbon 

S - Stub 

RF/SF,  or  R/S  - Mixed  Ribbon/Stub  Fairings 

SEC  - Seismic  Engineering  Corporation 

Fairings 

"Rings"  and  "sleeves'  are  simply  referred  to  by  name. 

EXPERIMENTAL  EQUIPMENT  AND  PROCEDURES 
The  equipment  and  procedures  used  for  the  strum  and  tangential  drag 
measurements  are  described  in  the  following  paragraphs. 

STRUM  EXPERIMENTS 

The  strum  experiments  were  performed  in  the  David  Taylor  Model  Basin 
on  the  high  speed  carriage  using  the  towing  assembly  illustrated  in  Figure 
1.  The  cable  model  was  suspended  between  two  strut  assemblies,  the  for- 
ward assembly  consisting  of  twin  struts  set  at  a depth  of  2 feet  (0.6  m), 
and  the  aft  one  being  a S’ngle  strut  set  at  a oeptn  of  6.8  feet  (2.1  m). 

The  forwird  twin  struts  are  connected  at  the  lower  end  by  a cross-strut 
to  which  the  leading  end  o*'  the  cable  model  was  attached.  This  arrange- 
ment resulted  in  tne  cable  having  a 15  degree  inclination  to  the  flow. 

The  forward  end  of  the  cable  was  secured  to  the  mid  point  of  the  cross 
strut  via  a unive'sal  joint  and  a ring  gage  dynamometer.  The  dynamometer 
was  used  to  measure  preload  tension  and  tension  fluctuations.  The  aft  end 
of  the  cable  was  secured  to  a leader  by  means  of  a wire  rope  clip.  The 
leader  then  passed  over  a 6-inch  (150  mm)-diameter  pulley,  up  through 
the  aft  strut,  and  was  secured  to  a turnbuckle.  The  turnbjckle  was  tight- 
ened to  apply  a preload  tension  of  500  pounds  (2200  N).  Approximately 
naifway  between  the  forward  and  after  struts,  a small  ogive  strut  was  used 
to  pass  electrical  leads  down  to  the  accelerometer.  An  Endevco  Model 
2228C  triaxial  accelerometer,  attached  at  the  center  of  the  cable,  was 
used  to  measure  accelerations  along  orthogonal  axes  transverse  to  the  span 
of  the  cable.  The  accelerometer  signals  were  amplified  using  an  Ithaco 
453  amplifier  with  a roll-off  of  3 dB  down  at  one  Hertz.  The  vector  sum 
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TOUING  CARRIAGE 


Figure  1 - Schematic  of  Towing  Assembly  for  the  SRO  experiment 
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of  the  two  acceleration  signals  was  obtainei'  using  an  Intronics  Model  • 

VK101  vector  operator  and  associated  logic  circuitry.  j 

To  obtain  the  measurements,  the  towing  carriage  was  accelerated  slowly 
from  0 to  5 knots  (2.6  m/s)  and  then  decelerated  slowly  to  rest.  Static  j 

tension,  tension  fluctuations,  vectorial  cable  acceleration,  and  carriage  T 

speed  were  recorded  on  a Brush  recorder  and  on  magnetic  tape.  Data  were  I 

recorded  for  the  full  duration  of  the  run.  Using  this  procedure,  measure-  f. 

ments  were  obtained  for  the  bare  (un-trodified)  cable,  and  then  for  each 
SRD  modified  configuration,  in  turn.  i 

TAHGEHTIAL  DRAG 

The  tangential  drag  experiments  also  were  performed  in  the  high  speed 
basin.  The  towing  assembly  is  illustrated  in  Figure  2.  The  tension  link 
was  a lOT  pounc  (450  '()-capacity  ring-gage  tensiometer. 

With  the  cable  samples  attached  and  freely  trailing  as  illustrated  in 
Figure  2,  selected  sample,  were  towed  at  steady  speeds  of  5,  10  and  15 
knots  (2.6,  5.2  and  7.76  m/s).  The  output  of  the  tensiometer  vias  recorded 
for  a finite  interval  of  tine  after  the  carriage  had  steadied  at  the 
desired  speed. 

ANALYSIS  TECHNIQUE 

The  data  were  reduced  and  analyzed  in  accordance  with  the  procedures 
described  in  the  following  paragraphs. 

STRUM  EXPERIMENTS 

The  vector  sum  of  the  transverse  acceleration  components,  as  detected 
at  the  center  of  the  cable  model,  was  averaged  over  the  interval  of  speed 
corresponding  to  the  excitation  of  tne  resonance  of  the  fundamental  mode 
of  the  bare  cable.  The  interval  of  speed  over  which  resonance  was  strongly 
excited  was  2.7  to  3.1  knots  (1.4  to  1.6  m/s).  In  this  interval  of  speed, 
a typical  vectorially  summed  acceleration  output,  as  recorded  on  the  Brush 
recorder,  exhibited  a strong  modulation,  indicative  of  the  presence  of  a 
beat  frequency.  This  is  typical  of  strum-induced  vibrations.  The  aver- 
ages therefore  were  taken  as  the  means  of  the  successive  maxima  of  the 
modulated  wave  form. 

An  average  of  the  averages  was  taken  over  several  runs  for  the  bare 
cable,  and  this  average  was  used  as  the  basis  for  comparison  with  the  SRD 
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OGIVE  STRUT 


Figure  2 - Equipment  Configuration  for  Tangential  Drag  Measurements 
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modified  cables.  The  dispersion  of  the  averages  was  found  to  be  quite 
small,  so  that  for  most  of  the  SRD  modified  cables  the  averages  from  a 
single  run  were  used. 

The  ratios  then  were  formed  of  the  averaged  transverse  acceleration 
amplitudes  of  each  SRD  modified  cabla  relative  to  the  averaged  transverse 
acceleration  amplitudes  of  the  bare  cable.  Finally,  these  ratios  were  ex- 
pressed in  terms  of  decibels  (dB). 

TANGENTIAL  DRAG 

The  tension  data  for  the  bare  cable  and  each  SRD  modified  sample  were 
simply  recorded  for  the  speeds  of  5,  10  and  15  knots  (2.6,  5.1  and  7.7 
m/s).  Ratios  of  the  drag  of  the  SRD  modified  cables  relative  to  the  drag 
of  the  bare  cable  were  computed  for  each  cable  at  the  speeds  of  10  and  15 
knots  (5.1  and  7.7  m/s). 

STRUtl  REBUCTIOK  RESULTS 

The  experimental  technique  for  evaluating  strum  reduction  was  found 
to  be  sound.  The  bare-cable  freouency  response  was  found  to  be  in  excel- 
lent agreement  with  predictions  based  on  eouations  (2)  and  (3),  as  illus- 
trated below.  The  experimental  configuration  of  the  bare  cable  had  the 
constants  listed  below  (the  cable  is  described  in  Table  A-1): 

K = 1 

D = 0.0«  feet  (13.A  mn) 

L = 18.5  feet  (5.64  m) 

S = 0.18  to  0.21 
: = 15  degrees 
Tp  = 500  pounds  (2224  k) 

. = „ (cable)  * u (added  mass)  = 0.0162  slugs/ft 
(0.776  kg/ro) 

Using  these  values  in  equation  (3),  the  speed  at  which  resonance  occurs 
is  found  to  fall  between  2.3  and  2.7  knots  (1.2  and  1.4  m/s),  correspond- 
ing to  values  of  S of  0.21  and  0.18,  respectively.  The  resonant  fre- 
quency, from  either  equation  (1)  or  (2),  is  found  to  be  4.75  Hz.  These 
predictions  proved  quite  accurate.  The  resonance  started  at  about  2.4 
knots  n.2  m/s)  and  the  amplitude  gradually  increased  to  a maximum  at  a 
speed  of  approximately  2.8  knots  through  3.1  knots  (1.4  through  1.6  m/s). 
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These  results  indicate  that  the  transverse  vibrations  of  the  cable  were 
essentially  unaffected  by  towinij  carriage  vibrations  or  flexing  of  the 
support  structure. 

HELICAL  WRAP 

The  helical  wrap  nodels  tested  are  listed  in  Table  A-5.  The  effect  of 
he’ical  wrap  cn  the  strum  amplitude,  relative  to  bare  cable  is  shown  in 
Figure  3.  Figures  3a  and  3b  for  a wrap  diameter  to  cable  diameter  (d/D) 
ratios  0.36  and  0.24  indicate  that  maximum  effectiveness  occurs  for  a 
pitch-to-diameter  (P/d)  ratio  of  15.  This  corresponds  to  a helix  angle 
of  11.8  degrees.  The  maximum  reduction  ranges  from  about  11  to  13  dB. 

P/D  ratios  smaller  and  greater  than  15  are  less  effective,  but  P/D  of  less 
than  15  is  more  effective  than  P/D  greater  than  15.  It  is  noted  that  the 
effectiveness  of  the  d 'D  = 0.12  wrap  (figure  3c)  is  greatly  reduced  rela- 
tive to  the  two  first  discussed.  Nevertheless,  for  the  P/D's  evaluated, 
the  strum  is  reduced  by  the  d/D  = 0.12  wrap  to  between  1.5  and  2.6  dB  (30' 
and  45' ) that  of  the  bare  cable. 

Figure  4 shows  the  effect  of  d/D  for  P/D  = 15.  No  inferences  can  be 
drawn  regarding  the  behavior  ’n  the  lange  0.12  < d/D  < 0.24  as  the  onset 
of  significant  reduction  may  be  quite  sudden  with  respect  to  d/D. 

Even  the  smallest  reductions  obtained  represent  an  acceleration 
amplitude  of  about  3dB  (50')  relative  to  the  bare  cable.  The  maximum 
reduction  is  13  dB  or  about  95'  relative  to  the  bare  cable.  The  optimum 
P/D  is  likely  to  be  a function  of  the  cable  towing  angle,  hence  general 
extrapolation  of  these  results  is  not  warranted. 

Fabula  reports  that  the  most  effective  of  the  helical  ridges  exa’cated 
in  reference  1 give  a reduction  on  the  order  of  25  dB.  It  is  interesting 
to  note  that  the  most  effective  model  was  a single  rounded  ridge  having 
a d/D  of  0.26  as  compared  to  the  most  effective  ratio  found  in  the  pre- 
sent work  of  0.24.  Reference  1 also  reports  that  the  ridges  were 
effective  at  both  20  and  10  degrees  yaw  and  that  a P/D  of  10  was  found 
most  effective. 

Little  importance  can  be  placed  on  the  differences  in  strum-amplitude 
reduction  reported  here  and  by  Fabula  in  reference  1,  since  the  average 
resonant  acceleration  amplitude  may  have  been  greater  for  the  reference 
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model.  The  importance  of  the  additional  reduction  of  hydrophone  response 
IS  not  known. 
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RIBBONS 

The  ribbon  models  are  listed  in  Table  A-2.  The  results  for  1 x 4 and 
1 X 6 ribbons*  are  shown  in  Figure  5.  The  reductions  are  slightly  greater 
than  those  exhibited  by  the  best  helical  wrap  but  do  not,  ’n  general,  ex- 
ceed 15  dB.  No  significant  difference  is  discernible  between  the  two  data 
sets,  except  that  the  1 x 4 ribbon  is  apparently  slightly  superior  for 
coverages  of  50“  and  greater.  The  reduction  is  apparently  proportional 
to  percentage  of  coverage  for  coverages  up  to  25';.  a small  improvement 
accompanies  coverages  greater  than  25.. 

The  results  for  the  2x6  ribbons  are  shown  in  Figure  6.  The  2x6 
ribbon  gives  essentially  the  same  reduction  as  the  1 x 4 and  1 x 6,  but 
the  “knee"  in  the  curve  is  shifted  to  12.5'  coverage  versus  25'  for  the 
other  two.  This  is  significant  as  it  indicates  that  the  same  results  may 
be  obtained  with  half  of  the  materia!  otherwise  required.  A slight 
improverent  at  6.25“  coverage  also  is  seen  relative  to  the  1 x 4 and  1 x 6 
configurations. 

STUBS 

Stubs  can  be  regarded  as  very  short  ribbons  but  are  believed  to  func- 
tion in  quite  a different  manner.  The  models  evaluated  are  listed  in 
Table  fl-3.  The  strum  reduction  due  to  stubs  is  shown  versus  percentage 
of  coverage  in  Figure  7.  tffectiveness  evidently  increases  in  proportion 
to  coverage  (above  sore  minimum  coverage  that  is  less  than  25°)  up  to  75°. 

fjn  Hata  STS  GPCvivCr  bhuM  75^. 

The  trend  is  identical  to  that  exhibited  by  the  1 x 6,  1 x 4 and 
2x6  ribbons,  except  the  decrease  in  strum  with  increase  in  coverage 
is  not  nearly  as  great  and  the  maximum  reduction  is  only  about  50f  that 
obtained  with  the  long  ribbons. 

RIBBON/STUB  COMBINATIONS 

The  1x6  ribbon  models  were  evaluated  for  the  effectiveness  of 
ribbon/stub  combinations.  The  models  evaluated  are  listed  in  Table  A-4. 


* See  Appendix  A for  nomenclature 
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The  1x6  model  started  with  a (3x1)  pattern*  for  75%  coverage.  The 
results  are  shown  in  Figure  8 and  compared  with  the  1x6  results  without 
stubs.  The  abscissa  of  Figure  8 indicates  regular  ribbon  coveraoe  in  per- 
cent, followed  by  stub  coverage  in  percent. 

The  1 X 6 ribbon/stub  combination  shows  some  improvement  relative  to 
ribbons  for  coverages  from  00/75  to  12.5/62.5.  The  strum  at  the 
"knee,"  25/50,  is  evidently  not  improved  by  the  presence  of  stubs.  The 
6.25/68.75  and  12.5/62.5  cases  show  improvement  relative  to  ribbons  only, 
but  the  improvement  is  2 to  4 dB  less  than  that  shown  by  the  2x6  ribbon 
for  12.5'.  coverage  (Figure  6). 


RIBBON  GROUPS 
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Type  I.  A Type  1 group  is  one  in  which  the  coverage  is  100'.  within 
the  group  and  in  which  the  oroups  are  separated  by  caps  of  bare  cable. 

The  models  tested  are  listed  in  Table  A-2.  The  results  are  shown  in  Fig- 
ure 9.  The  abscissa  in  this  figure  indicates  the  number  of  diameters 
covered  by  the  side-by-side  ribbons  followed  by  the  interval  in  cable  dia- 
meters from  the  initial  point  of  one  group  to  the  initial  point  of  the 
next.  The  ratio  of  the  two  numbers  is  the  fractional  coverage.  The  pat- 
tern of  the  strum  reduction  is  similar  to  that  seen  before:-  i.e.,  a 
linear  increase  in  effectiveness  wi'.h  coverage,  followed  by  minor  improve- 
ment as  coverage  increases  acove  25';.  Th's  is  clearly  shown  by  Figure  10, 
in  which  the  effectiveness  of  a 1 x 6,  Type  I coverage  is  compared  with  the 
1 X 6,  regular  coverage.  No  essential  difference  is  discernible. 

Type  11.  A Type  II  coverage  is  one  in  which  the  coverage  is  depleted 
from  within  the  group.  The  models  tested  are  listed  in  Table  A-2,  and 
the  results  are  shown  in  Figure  11.  The  series  starts  with  a 1 x 6 ribbon 
with  a (12  X 0)  02  x 12)  grouping.**  That  is,  100'.  coverage  for  12  dia- 
meters, followed  by  a 12  diameter  gap.  It  is  thus  the  same  as  the  50% 
coverage  model  for  the  Type  I groupings.  Ke  note  a substantial  improve- 
ment over  the  Type  I group  for  the  12.5%  coverage.  The  resultant  strum 
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* See  Appendix  A for  nomenclature 

**  See  Appendix  A for  description  of  ribbon  pattern  notation 
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12.5/62.5 

6.25/68.75 

PERCENT  R/S  COVERAGES 


Mote-  XX/VY  indicate;  ribbon  c ivf age  in  percent 
followed  by  stub  coverage  m percent. 


Figure  8 - Acceleration  Levels  of  Ribbon/Stub  Cable 
Relative  to  Bare  Cable 
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PERCENT  COVERAGE 


Figure 


- Acceleration  Levels  of  Different  Types  of  ID  x 6D 
Ribbons  - Type  11  Relative  to  Bare  Cable 


reductions  are,  in  fact,  essentially  the  same  as  those  for  the  2 x 6 rib- 
bon results  for  12.5%  coverage  and  the  1 x 6 and  1 x 4 regular  coverage 
results  for  a 25%  coverage.  We  shall  discuss  this  in  more  detail  in  a 
later  section 

SLEEVES 

Sleeves  are  described  in  Appendix  A,  and  a listing  of  the  model  eval- 
uated is  given  in  Table  A-6.  All  sleeves  are  3/4  inch  in  outside  diameter 
(19  mm).  The  ratio  of  sleeve  to  bare  cable  diameters  was  thus  1.42.  The 
"heavy"  sleeves  had  a mass  ratio  (mass  of  cable  + mass  of  sleeve  + added 
mass)/(mass  of  cable  + added  mass  of  cable)  of  3.25.  The  mass  ratio  for 
the  "light"  sleeves  was  1.19.  Results  are  shown  in  Figures  12a  and  12b. 
The  abscissa  are  in  terns  of  diameters  covered  by  the  sleeve  to  the  left 
of  the  slash,  with  the  total  length  of  cable  (in  diameters)  between  the 
repetition  points  to  the  right  of  the  slash.  The  fraction,  of  course, 
is  the  fractional  coverage.  The  results  indicate  a minor  reduction  in 
strum  of  about  2 to  4 d6.  Apparently  the  change  in  diameter  (and  shift 
of  Strouhal  frequency)  is  the  effective  mechanism.  Weight  and  percentage 
coverage  appear  to  have  no  appreciable  effect. 

RIHCS 

Rings  are  described  in  Appendix  A,  and  the  models  are  listed  in 
Table  A-7.  Results  are  shovm  in  Figure  13.  Rings  were  slightly  less 
effective  than  sleeves.  The  effectiveness  increased  sliohtly  for  the 
closest  spacings.  Spacings  of  less  than  7.5  diameters  were  not  investi- 
gated. 

SEISMIC  ENGINEERING  COMPANY  FAIRING 

The  Seismic  Engineering  Company  Fairing  is  described  in  Appendix  A. 
This  was  the  most  effective  SRD  tested  in  terms  of  strum  reduction.  The 
acceleration  measurements  for  the  Seismic  Fairing  were  not  distinguishable 
from  the  ambient,  and  apparently  produced  a strum  reduction  in  excess  of 
20  dB.  The  effect  of  depletion  on  the  effectiveness  of  the 
Seismic  Fairing  was  not  evaluated. 
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'E  LENGTH/BARE  LENGTH  (IN. /IN.)  SLEEVE  LENGTH/BARE  LENGTH  (IN. /IN.) 

Figure  lEa  - Light  Sleeves  Figure  I2b  - Heavy  Sleeves 
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Figure  13  - Acceleration  Levels  of  Ringed  Cables 
Relative  to  Bare  Cable 
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TANGENTIAL  DRAG  RESULTS 

The  measured  tensions  in  the  models  tested  for  tangential  drag  are 
listed  in  Table  1.  Of  the  ribboned  models,  only  the  1x6  was  evaluated. 
Also,  the  only  stubbed  cable  towed  was  the  one  with  7S%  coverage. 

TABLE  1-TANGEHTIAL  DRAG  OF  SELECTED  SRD  MODIFIED  CABLES 


Flexible  Fabric 
1 X 6 
! 1x6 

1x6 
I 1x6 

1x6 
1 X 6 

\ 1x1/4 

' d/D=0.36,  P/D=10 
^ d/0=0.36,  P/0=15 
d/0=0.36,  P/D=40 
1 d/D=0.24,  P/D=10 
d/D=0.24,  P/D=15 
d/D=0.24,  P/D=20 
d/D=0.24,  P/D=30 
d/0=0.24,  P/D=40 
d/D=0.12,  P/D=15 


5.3(23.6) 

19.1(85.0) 

46.2(205) 

10.0(44.5) 

21.6(96.1) 

36.9(164) 

10.5(46.7) 

19.1(85.0) 

35.8(159) 

9.2(40.9) 

20.2(89.8) 

33.0(147) 

6.2(27.6) 

17.3(77.0) 

29.5(131) 

4.3(19.1) 

14.0(62.3) 

25.5(113) 

3.1(13.8) 

12.2(54.3) 

22.3(99.2 

1.9(8. 5) 

10.5(46.7) 

21.0(93.4 

i 2.3(10.2) 

7.2(32.0) 

14.3(63.6 

1. 9(8.5) 

5.9(26.2) 

11.5(51.1 

1.2(5. 3) 

5.0(22.2) 

10.7(47.6 

2. 2(9.8) 

6.0(26.7) 

12.4(55.2 

‘ 2.5(11.1) 

5.5(24.5) 

10.7(47.6 

2. 0(8. 9) 

6.0(26.7) 

11.3(50.3 

1. 9(8.5) 

5.7(25.4) 

10.8(48.0 

1.0(4. 4) 

4.7(20.9) 

9.6(42.7 

1.3(5. 8) 

4.3(19.1) 

9.0(40.0 

1.0(4. 4) 

3.9(17.3) 

7.8(34.7 

DISCUSSION 

A direct  correlation  between  self-noise  and  strum  is  not  available. 
Thus,  it  is  not  possible  to  predict  self-noise  reduction  on  the  basis  of 
the  present  evaluations.  In  particular,  the  degree  of  diminution  required 
to  reduce  the  hydrophone  output  noise  to  levels  limited  by  flow  noise  and 
ambient  is  unknown.  At  this  time,  it  can  only  be  conjectured  that  the 
lower  the  vibration  amplitude,  the  more  likely  it  is  that  a noise  reduc- 
tion will  ensue. 

Several  aspects  of  the  data  deserve  comment.  It  is  notewo'-thy  that 
for  the  ribbon  type  SRD's,  the  initial  strum  reduction  (in  decibels'  is 
essentially  a linear  function  of  the  coverage  up  to  about  25t-  coverage. 

Some  improvement  is  gained  by  increasing  the  coverage,  but  the  improvement 
is  not  substantial.  The  general  nature  of  the  relation  is  illustrated  in 
Figure  14.  The  position  of  the  knee  typically  formed  at  about  25'/  cover- 
age is  not  very  sensitive  to  ribbon  distribution.  The  approximate  initial 
slope  and  position  of  the  knee  for  the  ribbons  are  contained  in  Table  2 for 
Ribbons  and  Stub  Faired  Cables. 

TABLE  2 - POSITION  OF  KNEE  IN  ACCELERATION  LEVELS  VERSUS  COVERAGE  CURVES 


SRD 

SLOPF 

POSITION 

MAXIMUM 

RF 

TYPE 

1 X 6 

dB/? 

of  KNEE  in 

REDUCTION  in  dB 

RF 

1 X 4 

0.5 

25 

13-14 

RF 

1 X 6 Type  1 

1 

RF 

RF 

1x6  Type  II 

2 X 6 

0.8 

12.5 

12-13 

SF 

1 X 1/4 

0.1 

1 75* 

7 

* No  Knee  for  Stubs  - Data  not  available  for  coverage  greater  than  75?. 

No  significant  difference  is  found  for  the  1x6  Type  I and  1 x 4 ribbons; 
therefore,  if  the  shortest  ribbon  that  provides  equivalent  reduction  is 
considered  optimum,  it  is  obvious  that  the  optimum  length  ribbon  lies 
between  1/4  (stubs)  and  4.  On  the  basis  of  the  2x6  ribbon  results  it 
appears  that  an  optimum  width  may  exist  which  may  be  greater  than  two. 

Note  also  that  a 1 x 6 Type  II  coverage  produces  better  results  than 
a 1 X 6 Type  I coverage,  i.e.,  roughly  the  seme  benefit  is  gained  for 
a 1 X 6 Type  II  coverage  as  accrues  to  the  1x6  regular  coverage  but  with 
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one-half  the  ribbons.  This  would  suggest  that  if  a 25%  coverage  is  to  be 
designed,  it  should  be  either  a 2 x 6 (1  x 6)  or  a 1 x 6 (1  x 1 ) (12  x 12), 
as  loss  of  up  to  50%  of  the  ribbons  in  either  arrangement  would  result  in 
no  significant  loss  of  effectiveness. 

Helical  wrap  was  not  evaluated  relative  to  effectiveness  versus  per- 
cent coverage.  Limited  exploration  of  this  subject  with  one  model  is 
contained  in  reference  1 and  found  that  effectiveness  (for  a P/D  of  10) 
began  to  diminish  for  coverages  of  less  than  75%.  Also,  it  is  interesting 
to  note  that  the  d/D  ratio  found  most  effective  in  the  present  series  was 
essentially  the  same  as  that  found  in  reference  1;  0.24  versus  0.26. 

In  general,  the  strum  reduction  effectiveness  of  the  ribbons  and  heli- 
cal wraps  that  gave  the  best  results  were  essentially  identical,  being 
11  to  13  and  11  to  14  dB  down,  respectively.  The  best  stub  fairing  gave 
only  about  one-half  the  reduction  obtained  with  the  best  ribbon  and  heli- 
cal wrap.  Of  course,  it  is  recalled,  the  Seismic  Engineering  Fairing 
gave  the  greatest  strum  reduction  of  all  those  evaluated. 

SUMMARY  OF  STRUM  REDUCTIONS 

The  approximate  reductions  in  strum  are  summarized  in  Table  3 in 
order  of  effectiveness.  The  Seismic  Engineering  Corporation  Fairing  was 
clearly  superior  to  all  other  candidates.  The  helical  wrap  and  ribbon 
candidates  are  essentially  equivalent.  Of  the  ribbon  candidates,  the 
2x6,  12.5%  and  1 x 6 Type  II,  12.5%  grouping  are  best  if  minimum  cover- 
age is  de'irable. 

TANGENTIAL  DRAG 

In  Table  4 the  SRO  modified  cables  are  ranked  in  order  of  decreasing 
relative  drag  for  the  two  highest  towing  speeds. 

The  ratio  of  the  tangential  drag  of  the  SRD  modified  models  to  that 
of  the  bare  cable  is  shown  in  Figure  15.  Figure  15a  shows  the  relative 
drag  values  of  the  ribbon,  stubs  and  Seismic  Engineering  Corporation  Fair- 
ings plotted  against  percentage  coverage  for  the  10-knot  (5.1m/s)  and  15- 
knot  (7.7  m/s)  towing  speeds.  The  same  data  for  the  helical  viraps  are 
plotted  as  a function  of  P/D  in  Figure  15b.  The  5-knot  (2.6  m/s)  data 
are  not  considered  representative  due  to  the  fairly  steep  towing  angles 
that  accompany  that  speed  of  tow. 
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TABLE  3 - RANKING  OF  STRUM  REDUCTION  DEVICES 


SRO 

dB  Down 

Description 

Coverage 

SEC 

Largest 

See  Appendix  A 

100* 

KW 

12.5-13 

P/0  = 15,  d/D  = 0.24 

100* 

RF 

12.5-13 

1 X 6 i 1 X 4 

25* 

RF 

11-13 

2x6 

12.5* 

RF 

12-13 

1 X 6,  Type  I 

25* 

RF 

13 

1x6,  Type  II 

12.5* 

R/S 

12.5 

25/50 

SF 

7-8 

t 

1 X 1/4 

75* 

Sleeves 

3.5-4 

Heavy 

33.3* 

Sleeves 

2-3 

Light 

All 

Rings 

2 

7.5  D spacino 

- 

5 

t 
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TABLE  4 - TANGENTIAL  DRAG  OF  SRD  MODELS  RELATIVE  TO  BARE  CABLE 
Speed  of  Tow 


10  knots  (5.1  m/s)  15  knots  (7.7  m/s) 


Type 

Ccv.  2 

Rel.  Drag 

Type 

Cov.'x 

Rel.  Drag 

RF  1 

X 6 

'.00 

5.6 

SEC 

100 

5.9 

RF  1 

X 6 

■ 50 

5.2 

RF  1 

X 16 

100 

4.7 

RF  1 

X 6 

75 

4.9 

RF  1 

X 6 

75 

4.6  i 

SEC 

100 

4.9 

RF  1 

X 6 

50 

4.2  . 

RF  1 

X 6 

25 

4.5 

RF  1 

X 6 

25 

3.8  ! 

RF  1 

X 6 

12.5 

3.6 

RF  1 

X 6 

12.5 

3.3  ] 

RF  1 

X 6 

6.25 

3.1 

RF  1 

X 6 

6.25 

2.9  I 

SF  1 

X 1/4 

75 

2.7 

SF  1 

X 1/4 

75 

2.7 

HK‘ 

.36, 

10 

100 

1.9 

HW* 

.36, 

10 

100 

1.8 

HW 

.24, 

10 

ICO 

1.5 

1 HW 

.24, 

10 

IOC 

1.6 

HW 

.24, 

20 

100 

1.5 

1 HH 

.36, 

15 

100 

1.5 

HH 

.36, 

15 

100 

1.5 

HW 

.24, 

20 

100 

1.5  ; 

HH 

.24, 

15 

100 

1.4 

; HH 

.24, 

15 

100 

1.4  : 

riW 

.24, 

30 

100 

1.5 

. HW 

.24, 

30 

100 

1.4 

HH 

.36, 

40 

100 

1.3 

HH 

.36, 

40 

100 

1.4  1 

KH 

.24, 

40 

100 

1.2 

HH 

.24, 

40 

100 

1.2 

HK 

.12. 

15 

100 

1.1 

. HW 

.12. 

15 

100 

1.2 

1 * Class! 

Fled 

according 

to  d/D  and  P/D,  in 

the 

order  shown. 
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In  general,  the  helical  wraps  produce  the  smallest  increase  in  drag. 

Of  these,  the  drag  is  highest  for  the  larger  values  of  d/D  and  the  lower 
values  of  P/D.  The  high  coverage  1x6  ribbons  and  Seismic  Engineering 
Corporation  fairing  give  the  largest  increases  in  drag,  whereas  the  stubs 
(75?  coverage)  and  6.25?  and  12.5?  coverage  1 x 6 ribbons  produce  inter- 
mediate values. 
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CONCLUSIONS  AND  RECOMMENDATIONS 

Based  on  the  results  of  these  experiments,  the  following  are  concluded: 

1.  The  experimental  technique  provides  an  economical,  efficient 
method  for  evaluating  the  relative  effectiveness  of  strum  reduction 
devices. 

2.  The  Seismic  Engineering  Corporation  (SEC)  fairing,  ribbon  fairing 
(RF)  and  helical  wraps  (HU)  are  all  effective  in  the  reduction  of  strum. 
The  SEC  fairing  is  more  effective  than  the  HW  and  RF. 

3.  The  sleeves  and  rings  produce  only  minor  reductions  in  strum 
amplitude. 

4.  Stub  Fairing  (75t  coverage)  produces  about  one-half  the  strum 
reduction  (in  decibels)  provided  by  RF  and  HK.  This  corresponds  to  an 
805  reduction  in  strum  amplitude,  as  compared  to  about  955  reduction  for 
the  HW  and  RF. 

5.  The  use  of  HW,  SF,  RF  and  SEC  type  SRD's  leads  to  increased  tan- 
gential drag  of  the  bare  cable.  The  HW  produces  the  smallest  increase. 

The  other  SRD's  produce  larger  increases  in  the  order  stated.  The  SEC 
fairing  produces  the  largest  tangential  drag. 

6.  The  degree  of  strum  reduction  required  to  reduce  self-noise  levels 
of  a sliip  towed  acoustic  array  to  acceptable  levels  is  unknown.  It  is 
therefore  recommended  that  the  ribbon,  stubs,  and  helical  wraps  be  eval- 
uated at-sea  for  effectiveness  in  acoustic  self-noise  reduction. 


APPENDIX  A 


DESCRIPTIONS  OF  STRUM  REDUCTION  DEVICES  (SRD's) 

REFERENCE  CABLE 

All  models  were  fabricated  from  the  double-armored  cable  described  in 
Table  A-1  and  shown  in  Figure  A-1. 


TABLE  A-1  BARE  CABLE  PARAMETERS 


Manufacturer 

United  States  Steel  Corp. 

Type 

7J525A 

Diameter 

0.528  i .0006  inch 
(13.4  i .015  mm) 

Construction 

24  X 24  double  armor 

Number  of  Conductors 

7 

Weight  in  Air 

0.427  pounds/foot 
(0.635  kq/m) 

Breaking  Strength 

21,000  pounds  (9.3X10'-N) 

RIBBONS 

Ribbons  consist  of  thin,  flexible  strips  which  are  attached  to  the 
bare  cable  by  being  inserted  under  one  or  two  of  the  outer  wires  of  the 
cable  armor  such  that  equal  lengths  protrude,  as  illustrated  in  Figure 
A-2.  A ribbon  is  described  by  two  parameters: 

W - ribbon  width  in  units  of  cable  diameter 

( - length  of  one  member  of  the  ribbon  pair  in  units  of  cable  diameter 

Thus  a 1 X 6 ribbon  is  one  that  is  1 diameter  in  width,  and  6 diameters  in 
length.  Four  parameters  are  required  to  describe  a ribboned  cable.  These 
are  (in  units  of  cable  diameter):- 

N - the  number  of  ribbons  set  side-by-side  within  a group 
s - the  spacing  between  the  H ribbons 
G - the  length  of  a group 
B - the  spacing  between  groups 
For  this  report,  the  convention 
W X £ • (N  X s)  • (G  X B) 

is  established  to  describe  a ribboned  cable. 
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The  coverage  is  defined  as  the  fraction  of  the  length  of  cable 
occupied  by  the  ribbons.  The  inter-group  coverage,  Cg,  is  given  by 

S'Rinrs 

and  the  overall  coverage.  C,  by 
C.  G 

Three  types  of  coverage  are  identified; 

a)  Regular  - This  type  consists  of  a uniform  repetition  of  the  num- 
ber of  ribbons  and  their  spacing.  The  group  length  and  bare  length  desio- 
nators  may  be  dropped  without  ambiguity.  The  appearance  of  regularly 
spaced  ribbon  and  the  use  of  the  description  convention  are  illustrated 

in  Figure  A-3. 

b)  Type  I Groupings  - This  type  consists  of  a span  of  ribbons  butted 
(i.e.,  s = 0)  followed  by  a length  of  bare  cable,  B.  The  Type  I group 

is  illustrated  in  Figure  A-4. 

c)  Type  11  Groupings  - This  type  consists  of  groups  of  length  G with 
inter-group  coverage  of  less  than  lOOS.  Mote  that  the  group  length 
designator  implies  that  a space  is  associated  with  the  last  ribbon  of  the 
group.  The  Type  II  group  is  illustrated  in  Figure  A-5. 

The  models  selected  for  evaluation  are  listed  in  Table  A-2. 
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12.5  COVE  rags: 


1 X 6 (12x0)  (12x12) 


1 X 6 (9x0)  (9x15) 


1 X 6 (6x0)  (6x18) 


1 X 6 (3x0)  (3x21) 


Figure  A-4  - Examples  of  Vaiious  Coverages  for  Type  1 Groupings 
1 X 6 Ribbons 


12.5  COVERAGE 


1 X 6 (12x0)  (12x12) 


1 X 6 (1x1)  (12x12) 


1 X 6 (1x3)  (12x12) 


Figure  A-5  - Examples  of  Various  Coverages  for  Type  II  Groupings 
1 X 6 Ribbons 


(See 


RIBBON/STUB  COMBINATIONS 

Cables  were  evaluated  with  combinations  of  ribbon  and  stub  coverage. 

A ribboned  cable  with  a specific  coverage  was  altered  by  snipping  ribbons 
to  form  stubs.  The  ribboned  cables  were  of  the  regular  coverage  type,  and 
were  the  1x6"  (1x3)  and  1 x 4 ’ (1  x 0)  samples.*  These  cables  had 


* The  (G  X B)  designa  '>n  is  dropped  as  no  ambiguity  results. 
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table 


p 


originally  751  and  1001  ribbon  coverage,  respectively.  From  tne  basic  75" 
distribution,  every  middle  ribbon  of  the  group  of  3 nas  snipped  to  form  a 
cable  having  a coverage  of  50%  ribbons  and  25%  stubs.  From  this  model, 
every  other  ribbon  is  snipped  to  form  a model  havinq  coverages  of  25% 
ribbons  and  50"  stubs.  Snipping  every  othe*-  one  of  the  remaining  ribbons 
obviously  produces  a cable  with  coveraoe  of  12.5%  ribbons  and  62.5?  stubs. 
The  process  is  repeated  until  only  stubs  remain. 

An  ambiguity  in  the  pattern  is  clearly  possible  for  the  50?  ribbon/ 
25%  stub  combination,  if  the  center  ribbon  in  the  group  of  3 is  cut,  ore 
obtains 

R + S + R + s 

where  R stands  for  ribbon  and  S stands  for  stub.  If  the  end  ribbon  is  cut, 
one  obtains 

2R  " S "■  s. 

Therefore,  for  the  riboor./stub  combinations  {actually  for  any  variation  in 
ribbon  length)  the  followino  convention  is  adopted:' 

(W  X f)R  (K  X f)S  (Pattern) 

where  the  last  group  gives  the  pattern  for  a regular  type  coveraoe.  The 
models  evaluated  are  described  in  terms  of  this  convention  in  Table  A-4. 


TABLE  A-4  RI3B0N/STUB  COIIBIRATIONS 


(v;  X 

OR 

' (« 

X 

x)s 

(Pattern) 

(R/S)  % 

“ (1  X 

6)R 

(1 

X 

OS 

. (3R  + s) 

(75/00) 

(1  X 

6)R 

(1 

X 

OS 

J (R  + S + R + s) 

(50/25)  1 

(1  X 

6)R 

, (1 

X 

'OS 

I (R  " 2S  + s) 

(25/50) 

(1  X 

6)R 

(1 

X 

li)S 

’ (R  + 2S  + s + 3S  + s) 

(12.5/62.5) 

(1  X 

6)R 

(1 

X 

'Os 

(R  + 2S  + s + 3 (3S  + s)) 

(6.25/68.75) 

(1  X 

6)R 

(1 

X 

'OS 

{3S  + s) 

(00/75) 

(1  X 

6)R 

(1 

X 

Os 

(4R  ) 

(100/00) 

(1  X 

6)R 

(1 

X 

'OS 

(3R  + S) 

(75/25) 

i (1  X 

6)R 

‘ (1 

X 

li)S 

(R  + 3S) 

(25/75) 

Note 

R 

Ribbon 

s 

Stub  S Space  ii  Width  f 

Length 

The  symbol  R/S  is  used  to  indicate  the  percentage  coverage  of  ribbon 


and  stub  without  regard  as  to  distribution.  The  models  covered  with 
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either  all  ribbons  or  all  stubs  are  of  course  described  by  the  more  com- 
pact convention  established  earlier. 

HELICAL  WRAPS  (HELICAL  RIDGES) 

Helical  wraps  are  formed  by  twisting  a wire  about  the  test-cable  in 
the  form  of  a helix.  The  "wire'  is  actually  a stranded  rope  of  smaller 
diameter  than  the  test  cable  and  basically  corresponds  to  the  ridge  types 
1,  4 and  9 tested  by  Fabula  in  reference  1. 

The  parameters  used  to  characterize  a helically  wrapped  SRD  are:- 
d/D  - The  ratio  of  the  diameter  of  the  wrapping  wire,  d,  to 
the  diameter  of  the  sample  cable,  D. 

P/D  - The  ratio  of  the  pitch  distance  of  the  wrap,  P (i.e.,  the 

linear  distance  along  the  sample  cable  in  which  the  wrapping 
wire  rakes  one  full  turn  about  the  sample  cable)  to  the  dia- 
meter of  the  sample  cable. 

The  models  evaluated  are  listed  in  Table  A-5. 

TABLE  ^5_HELIC^  WHAPS 

d/D  P/D  Figure 


0.12 

' 15 

A.9 

0.12 

20 

- 

0.24 

5 

A-10 

0.24 

10 

A-il 

0.24 

15 

A-12 

C.24 

20 

A-13 

0.24 

30 

A-14 

0.24 

40 

A-15 

0.36 

5 

- 

0.36 

10 

- 

0.36 

15 

A-16 

0.36 

20 

- 

0.36 

30 

- 

0.36 

40  j 

- 

Single  wraps  only  were  evaluated.  The  direction  of  the  lay  of  the 
wrapping  cable  was  reversed  at  the  mid-point. 
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FIGURE  A-12  - Spiral  Wrap,  d/D  = 0.24,  P/D  = 15 


SLEEVbS 

A sleeve  consists  of  a short  length  of  tubing  of  larger  diameter  than 
the  basic  cable,  fitted  over  the  sample  cable  at  periodic  intervals  of  the 
cable  length.  The  sleeves  evaluated  were  characterized  as  "light"  and 
"heavy."  The  light  sleeves  were  fabricated  from  rubber  and  were  essential- 
ly neutrally  buoyant.  The  heavy  sleeves  were  made  of  lead.  Sleeves  are 
characterized  by  the  following  parameters: 

d /D  - Ratio  of  sleeve  outside  diameter,  d^,  to  cable  diameter,  D. 
u - Ratio  of  total  mass  of  sleeve  plus  cable  (per  unit  length)  to 

total  mass  of  cable  per  unit  length  (including  virtual  mass). 

L /L  - Ratio  of  length  of  sleeve  to  total  distance  between  starting 
point  of  the  sleeves  (for  repetitively  spaced  sleeves). 

The  samples  evaluated  are  listed  in  Table  A-6. 

TABLE  A-6  SLEEVE  MODELS 


% 

> 

"1 

s 

‘ 1 
r 

RINGS 

1 

The  rings  resemble  square-cornered  washers  fitted  to  the  cable  at 

: 

1 

periodic  intervals.  The  rings  evaluated  are  described  in  Table  A-7. 

TABLE  A-7  RINGS 

Ring  Oiameter/D 
Ring  Length/D 


Spacing 

Spacing/D 

12  inches  (305  nn) 

8 inches  (203  mm) 

6 inches  (152  mm) 

4 inches  (102  mm) 

22.7 

15.2 

11.35 

7.6 

SEISMIC  FAIRING 

The  Seismic  Engineering  Company  fairing  shown  in  Figure  A-21  was 
constructed  of  a fabric-reinforced  rubber  compound.  The  forward  portion 
was  doubled  back  and  joined  to  the  body  to  form  an  enclosure  for  the 
cable.  The  fairing  was  designed  for  a 0.70-to  0.75-inch  (18-to  19  mm) 
diameter  cable.  The  fairing  was  thus  slightly  over-size  for  the  0.53- 
inch  (13.5  m)  diameter  cable  used  for  the  experiments.  The  trailing 
flap  was  3.35  inches  (85  urn)  long.  The  flap  is  cut  such  that  it  forms 
a rhombus.  The  acute  angle  of  the  rhombus  was  17.5  degrees.  The  fairing 
was  installed  in  36-inch  (0.91  m)  long  strips  and  prevented  from  sliding 
on  the  cable  by  the  "stops”  or  clamps  shown  in  Figure  A-21. 
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FIGURE  A-20  - Rings  - Ring  01ameter/0  = 1.42 
Ring  Spacing/D  = 7.6 


DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 


1  OTNSROC  REPORTS  A FORMAL  SERIES  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE  THEY  CARRY  A CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT 


2  DEPARTMENTAL  REPORTS  A SEMIFORMAL  SERIES  CONTAIN  INFORMATION  OF  A PRELIM 
INARY.  TEMPORARY  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE 
THEY  CARRY  A DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION 


3  TECHNICAL  MEMORANDA  AN  INFORMAL  SERIES  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  8t  AFPROYEP  RY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A CASE  BY  CASE 
BASIS 
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